Keywords: Apis mellifera, honey, chemistry parameters, rheology
Introduction
Supply (Brazil, 2000) . The analysis of the free acidity was performed according to the AOAC n o . 962, 19 method (1997) , which is based on the sample titration with 0.05 mol/L NaOH solution to reach pH 8.5. This procedure is indicated by the Technical Regulation of Identity and Quality of Honey (Brazil, 2000) .
The pH determination was performed using a digital pH meter.
The ash samples were obtained by calcination in muffle furnace, according to Almeida-Muradian and Bera (2008) . Determinations of reducing sugars, total and apparent sucrose were performed by using the Lane-Eynon method from a stock solution of 20% (IAL, 2005) . The content of insoluble solids was determined according to Almeida-Muradian and Bera (2008) . The diastatic activity was performed according to Marchini et al. (2004) , where the buffered solution of starch-honey is kept in a water bath (40℃, the time required for obtaining the specific end point (absorbance lower than 0.235) determined spectrophotometrically. The results were obtained on a Gothe scale.
Phenolic compounds were determined by Folin-Ciocauteau according to Meda et al. (2005) using gallic acid as standard. The determination of the honey color is based on different degrees of light absorption at wavelengths of 560 nm, using the pure glycerin as white and to classify the color of honey, it was used Pfund scale (Marchini et al., 2004) .
The minerals were determined by nitroperchloric digestion according to the Malavolta et al. method (1989) and using atomic absorption spectrophotometer (Varian -mod. Spectrum A 10 Plus).
The determination of phosphorus (P) was performed using a spectrophotometer UV / VIS according to Pavan et al. (1992) .
Rheological measurements The rheological measurements
were carried out with a concentric cylinder Brookfield rheometer (Haminiuk et al., 2006a) .
Statistical analysis
The obtained data were statistically evaluated by the analysis of variance (ANOVA) and Tukey test (mean comparation), using the STATISTICA 7.1 (Stat-Soft, Tulsa, OK, USA). The experimental data were fitted according to the rheological models of power law and Herschel-Bulkley using the software Origin 7.0 (OriginLab Corporation, MA, USA) to obtain the rheological (n and K) and statistical parameters (R 2 and χ 2 ).
The values of R 2 and χ 2 were obtained to evaluate the goodness of fit to the experimental results in the rheological models.
Results and Discussion
Physicochemical analysis The results of physical-chemical evaluations are shown in Table 1 . The pH value is influenced by the nature of the pollen used and concentration of different acids in its composition (Alves et al., 2005) . The legislation does not standardize the pH value for honey. According to AlmeidaMuradian and Bera (2008) (Welke et al., 2008) . According to Marchini et al. (2004) , the pH is related to the rate of HMF formation in honey.
The determination of the honey acidity was presented in accordance with the standards set by current norms (Brazil, 2000; Mercosul, 1999; Codex Alimentarius, 2001 ). According to Mendes et al. (1998) , this value of acidity within the established pattern indicates the absence of undesirable fermentation in the presence of yeast. Ajlouni and Sujirapinyokul (2010) report that during the fermentation process, glucose and fructose are converted into carbon dioxide and alcohol and that alcohol is hydrolyzed in the presence of oxygen and converted into acetic acid. This fact contributes to increasing the level of free acidity of the honey.
Evangelista- Rodrigues et al. (2005) report that the origin of the honey acidity is due to the variation of organic acids caused by different sources of nectar, by the action of the enzyme glucose oxidase. This enzyme generates gluconic acid, which is an acid present in greater quantities by the action of bacteria during the ripening of the honey. In smaller quantities, other acids are found such as acetic, butyric, lactic, oxalic, formic, malic, succinic, pyruvic, glycolic, citric, butyric-lactic, tartaric, maleic, pyroglutamic, alpha-ketoglutaric, 2-or 3-phosphogliceric, alpha-or beta-glycerophosphate and vinic (Racowski et al., 2007) .
The moisture content is presented inside the maximum value of the norms (Brazil, 2000; Mercosul, 1999; Codex Alimentarius, 2001 ) ( Table 1 Brazilian legislation, but not with the export standards (Mercosul, 1999; Codex Alimentarius, 2001 ). Marchini et al. (2004) state that the sucrose represents on average 2 _ 3% of carbohydrates and when it exceeds this value, it may be an indication of adulteration of the product or of an early harvest of the honey, that is to say, it by the saliva of bees, transforms the sugars, especially sucrose, into glucose and fructose. Diastatic actions lead the transformation of ¾ of sucrose. Therefore, the older the honey, the less sucrose it will contain (Racowski et al., 2007) .
The honey bee has a small amount of HMF, but with prolonged storage at high room temperature, this level can rise, altering the nutritional value of the product. Thus, the determination of HMF serves as an indicator of the honey quality, because when it is formed, the loss of some enzymes, eg, glucose-oxidase (Melo et al., 2003) Mercosul, 1999; Codex Alimentarius, 2001 ).
The insoluble solids in water are parts of bees (legs, wings etc.), wax residue, and other elements related to the honey or the process. The completion of this analysis allows detecting the impurities present in honey, which is a measure of hygienic control (Silva et al., 2006) . The diastatic activity of honey is within the requesting legislation (Brazil, 2000; Mercosul, 1999; Codex Alimentarius, 2001 ). Mendes et al. (1998) evaluating honeys from Portugal, had results that ranged from 2 _ 22 in Gothe scale. The amylase activity is usually expressed as diastase number (DN), also known as units of Gothe. A unit of Gothe is defined as being the amount of starch solution 1.0% which is hydrolyzed at 40℃ for one hour by the enzyme present in 1 g of honey (Ajlouni and Sujirapinyokul, 2010) .
Amylase is one of the enzymes in honey which has the function of digesting the starch molecule and it is very sensitive to heat, therefore, it is able to indicate the degree of conservation and overheating of the product (Mendes et al., 1998; Ajlouni and Sujirapinyokul, 2010) . 
